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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a three-dimensional coordinate 
measuring 

method with which the rotation axis of slit light can be positioned 

to an 

arbitrary position. 

SOLUTION: After a camera 6 is calibrated by considering that slit 
light is a 

plane rotating around an arbitrary axis, the equation on standard 
slit light 

planes P0-P2, rotation axis, and an arbitrary slit light plane around 
the 
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rotation axis is found by measuring three or more slit light rays PO- 
P2 

projected upon calibration target planes XI and X2 by using the 
camera 6. 

Therefore, the three- dimensional coordinates photographed with a 
camera can be 

found easily, without having to use precise jig machining, parts 
machining, nor 

to conduct accurate mechanical positioning. 
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■Tix y y Ymsms,3}s&iMs^Mm. 

[i9*JB21 XVyY^'tm^lxii'mnm^it^ 

;^y y hai^»t^3%7cse@i«e@(c£V)-c. 

-j^3>'#af:. 

ifiB'^^r y 3 y^^^ y rwi/' 3 y-r- 

y -y h3t¥iii<0*^* SrtJAk^hXV y h3IM 
l9S3o|;Lho:* y -y h3e¥iii«*e**»i?.EB!Bli«* 

msmMfnimizm^miUti^&oismffixv ao 

*ai: i&#rs 1: ^r^fttx y y h^iaMWFSC 3 



ia*S3 1 XV y Y^Xmii^iUiJmffmkilJi 
^SftiiLhfcMt. lil£l8MaO«Ui<0>(y<yhj£C 

XV y h3iaM**5«3aC7cMHirn^'7Z.S^i!«L 

tnWSmBi^^XV y h*¥iii<0*e«S^3-:>a 
wE3oJjlJi<DX y <5r b36¥iiiwjFeiWf^.0«I»«» 

•y h*¥lB<0^fS^^^S-e:SC:i:J:^i:^Sxy 
fiKflc. 50 
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[0001 ] 

[?6W«oa-rsfi«4^»] ^m\\i. xvy 
h, 

[0002] 

[ft*oa«l ;^y h3ekh*T3i-;&^9S"fflV^T, « 

l6«I«»tt-^S?:3<ji:7C^rtTtt«W-Sxy -y h3K 

tsif#5«3»5c)sgihffl:frffi<±. ojif y h<7)m.^y^ 

ia¥7-2 7013 7 fcia^S:h.TV^S*ffi (;i^;Jf -y h 

xy«yh3ti:;^i^c^i. ;i^>><^W>-X»t«^C»S-ffi 
OSftffifcSl?5^^ffl$^3B^U -e<»yWi:xy <yh3t 

[0003] 

XV y h3aSiWrS3»5c^^ffl*ST«. J:a<^)$lJ 
fc:fia5:¥ffli&!|»lWt:*«>3t 0 x y h3l6¥BI*linE 

mdnx^sts^o. wmmmmMffmxhiiii 

[0004] -e^-C. J:a^^fi*T=5r$ 

M'^mmaiis^'r. atit^txvy h^ffmsm. 

[0005] 

[ii!jai:»«-rsjt«><o*ai lii^jaiiEKiojMBa. 
XV y ht/txm^iu::m¥ff)SLi/f^^mim±.tzm 

mt. mEMoOBIftJKOxy -y hitfcri&KiKt^oj 

^coflSfiis^ftss^fflv^Tsaj-rsxy y h^&st 
:h^3m^mm^tz^ux. ^«);*^7^^A'y 

7'U-5/3>^S*^9#^ry:/l'-5^3y3Si:, fflf 
a^^r y 3 >IgOWrr V -fU-i^ 3 yf—^ 

izmn\,^x. 3^]i}±(omhnmnm^^^xv 

y hmm<0l3^i: 3ojaJ:*ft4XSi: , I5E30 
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[00081 zittzx 0 . ©te^rj&a^fianxitss 
9^;^ y -y hm^^im.mifi-nt/i.i^Ti> . ±iitf5 

[00 091 ft^2iEK<Ol6B»i, xy.ybjK'Cflgit 
BmJb<0;^ U -y h3Ktc i 6R»3KiS<0;^>»< 7B{eilii^ 

3oJa±^S:^'J -y h3l?Fiiffi«i!#ak . i5£3 

im^wmsj^msrMwm<x\>.isjmmtf 40 
y -y h3ia43iHiofia*«Tmfc«^"c*.. J:a<o^-vy 

[00101 IB«Ji3iBO<'5l6!»4. xy «y h«THgBt 
S5«i&IBV^T^t-&xy «/ h3iafflM*5«3i50cSigh 
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i^«>;i&^7*#-vyr^-5^ 3 =^f-vy 
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kv^a. ) 1«. Hlfc^idft:. 3<jC7cSE-b>-9- 

^■yH«Hi5fc. 3»5cffl^■fey1^'^y^•«a|5^dS« 

$*l^3iJ:7cSg@Hlffl|ffla814fc. X1RV:X2(0& 
y rw— i^a y^^—dry M«ffi3 . 4 f: ^ilTL 
•CtJO. **±<Ojili<o<aa^*3iJC7cWfc:iHfr&J: 

[00121 3»5cffl^-b>-9-/^.y K«fl!5«. 
f36^^=Sr6xy -y h3K^*™;^$-e-^r36t^, 

sasttsx y y hm^7 t.xvy hmsx^i * 

W&.ffmmiz^^ithXr-y\::yy^^:S^9t^ XI 
ftt^X 2<?5^^g<^>^f-v y r^-S/- g y^-Yy hflB 

3 . 4ta»§*i>t:x y -y haes&sfli-rixrx^ 6 1 * 

[0 0131 J:amp<56li, WyXfcJSffiatStS^ 
WLTJJO. SHftas|ir». ^yXi&:ft-tTxy-yh3IM»» 

[00141 msnmmm.. mazvstitmm:^ 
y«y^x«fc^gBt#LT*iO. aifcsrriat:. 3iji: 

7i:%i§t«i$!imil4(CiSII$:h.-CV)&. .icDjjiffi^ 

j: OmEaJ:^?^: LTH^aj UT^^- y r^->' 3 y9- 
yy hSgr-r^^J^r-:? fc LT 3Wimmm 
«l««l 4fcaj*'f S J: pfcsSfoTV^*. 
[00151 H2fc:^-rJ:dfc. XiatXX2coffiB« 
^iry:r^-i^3>'^'-i^'-y h^H3. 4J4. H 
^2<0±fc:, X7>f H^n6li:fiftfc]R0#tt^.itTv> 
S. ¥183. 4<D^^96Mo*ilitc{4. H3ftaSr*-J: 

5^3y^'-:>'-yhj fit^d. ) 1 7*«||A-C«*^TV^ 



[0 0 16] ±§i(7)3<$stMm{immmi4ti^ mi 

Snfcl/OSlOa. lObi:. c:ii^><oi/o»i 
0 a . 1 Ohtum^J^X 1 5 «^:frLT«8Sii:fc«Sa{ 
11. RAMI 2. ROMl Sat^t-^'KISai 6f: 
S:^rLT<-^S, ^ICDROMI 3t:tt. >^ 'J -y h3fc¥ffi<0 
^FS5!C^P-f-y 1 3 a*«|fttt$ilT*J 0 . ^:<J!)>t U 10 
-/ hmm(O^^SMtiif\^^y 1 3 al4. 1 6 

10 017] J:EiDRAM12fc(l. ;ir^7=¥^yrv 
-i^3y^-y'yh£figl«12at. Xr^7^"C9^- 

^'£ii««i2bfc. smmmmiii2ck. xu-y 

m2fhim&^itX\^h. lM<^J(/}t^^^VfU 
-V 3 yi^-y-y hSLi^A 1 2 ajcli. @4 Ic^-r J: 

12b fctt. y 3 > 

«i2cfc:ii. metz^^otz^ xiTffl3±<oas 

±OfiEi:fc«^$*l>t2jSi:. X2TO4±oatl±0 
«as$*ut 3ijOc^rt<^Sg-r-^*««ll«l5ns i d 

1 2 d wi. aur-^'^^^^jwssiiifexy y hitem 

tt<o^rS5^eil« 1 2 e ic:«, >t y -y h^lPFffiiO^iS 

oTv^s. ttSfiOJxy-yh^viBt^sSfeSijfiai 
« 1 2 f fcii. miBWcoa ») i&ims^s^cox y ^ f 

3t¥fflO*S5!W«li«lSii4 J: 3 terror . 
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Xr;<76c7>df^'y7'lx-J^3>'!e(^i>#i.S (S 
1) . But*. 04fc:^J:dfc. try^-zP;*^^*-?" 
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SSA«lS^>^><OX5>fH^2<O!0SrC8W>'?.fv. Y. 

^^mAk xj^mkk vxmh^ixh. 

Wfctt. H4fc:^J:dfc. T®3**X7>f H^2±<0 
flSX 1 fc^^ii. ^114 *HaSX 2 K^^S^lS . 
■eLT, 4O05iyii(«TtB3. 4±<0{ia(Yl, Z 
1) . (Y2. Z2) , (Y3. Z3) , (Y4. Z 
4)fc:«A»fi5. 

[0 0 201 3»5^Srtfc:8fli<^-\'yr 

W-i^a^^^'-y-yh (MA) ITjMEgS^iySvItfc: 
^r"), 't<0SSPl~P8«(Xl, Yl. ZD . 
(XI. Y2. Z2) , (XI. Y3. Z3) . (X 

1. Y4. Z4). (X2, Yl.Zl), (X2. Y 

2. Z2) . (X2. Y3. Z3) , (X2. Y4. Z 
4) kyih, Z.fx.t>ai^^^)Tv~i/B'y9~y-fY 
(MA) 1 llfiff^^bxmk^fx.. ^^yyi^-i^a 

V9^rf ym»if-9kVX I /On\ 0 afctU^j? 

i/oai oa*«'^^yyi/-*^3y^— y^yh 

aSr-^J'^S&rst. 3i>C7&Mt«H»fil4tc 

J: 0 ffl«±oaaQ 1 ~Q 8 A«-e<i-r*i^ ^>n. a 5 

JC^ridtC, Q1~Q8I4. (xl.yl). (x 

2, y2) (x8. y8) t^rS. 

[0021] C:il^.<0ffiST-:J'<D8fiA»^. 3<}C7Cffi 
I^KifiWfil 4t:ioT;&^5>t5->{-^'A<SLai$*i 

<w®x 1 avx 2±t:ai&^o^<^3»:7Eagir 1 

^<nii/. 7 6 OXr-Jt 7Bift*»^>*»S Z. k1fiX% ht:»> 
Xhh. m*>^ Xgffll38*Bl»iT*6¥B±O^fl5jS<0 

V-Ar KSg^T«?)fl[® P 1 ~P 8 7Ka*»^> 

[0022]^, JiaoTiSa. 4fc*JV^T!7--4/KlS 

iDfiSt:^^ y ri^-v- 3 v9~yf h (m 

A) XlVhhli^^ ^40«^LTiJ<. *llii9KBfc: 
ft&3a;7C^^t«eiSl-C(4. 0lhL-C8ii^ffidi@ 

»5r<o-C. H-mJit:^rv^6jjSJjLb6*3»5^fartt: 

HrtoSgx-:?OliSl&±tf & i k»x% h . 
[0023] <»;(c. 01 ifc^iptc. IftOHIOfcig 
lE^sx y >y h^ccoai^ t ^rs 1 tfc<^^x y -y h^e^ 
BBPo «^rg^ (ftJS<9= ^0 ) *«JaT<o*li-C®aj§ 
it* (S2) . aefc^ipfc:, xy-yK3ia8bKS7 
<^K*ffleL. -?^*i*i8ii<^a<9o k-th, *^y 

7'W-5/3 y^-y-f hTO3*«X i<7)iagt:MA.^tS 
fc. xyyh3iaSbt!S7A»/?>xy-yh3ia«i»$ii5J: 

at:. aaniwi/offlioa^:rt-tTxy^h3iaa 
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2^^XQa (ya. xa) , Qb (yb. xb) 

a. Qbfc. i};>t'7^^yjt-^t. \-f^}fV~>'By 

-jf (Xa. Ya. Za) , (Xb. Yb. Zb) j&fh 

Jic^n. ^i^«(^i2c{:eMs^i. X 

a. XbliXlfc^U^. 

I00 24j<jcfc. H7t*-rJ:pfc. ^^y7'l'->' 
a Vf-Vv h¥jB436tX2<^)fifflfe:afcWl, X 1 Offi 
M<^irUyi'-5^3>':J'-y-y h¥ffi3i:Rat:H« 
<0Xy«yhj|aSja±<0ttg<OliS[i&SW>Qc (yc. X 
c) kU -?-<03aC7^rtOglB-r-;? (Xc. Y 
c . Z c ) Clil'C. «1IXU y Y=jf^ 

Po rt<03jS<03ijC7^rart<7)||gT-:J' (Xa, Y 
a. Za) . (Xb. Yb. Zb) (Xc. Yc. Z 

£^iSl2d(c:1iM;$^S. 
[0025] Qa. Qb. Qcff)3j^^m^XV 

V <y h^aaUiTffgfci^JtjSS-Jt^L*: 0 . ^+ U 
rW-v'ay^'-^-'-y h 1 70fl[gi&Ji^C:i:-e. X 

ro 0 2 61 ^cm^V y b5l6¥BffPo tt. ffliO 
«S3t*»tllB6^Sxy-y h3fc¥®Pi <0|aBai<?i <^ 

y-yhafeTBPo $^^lS<?=<9o OTffit-rSfc, 0= 

Ox itmmjtx^)',y=)em'mi9aaAe^ -e 

[0027] iJCfc. HI Ifc^iptc, :^y-yh:3ia4 
3t»7<^St&S«S^i ;^f»t1'<?»LJtX>J-yh5fe¥ 
iBPi «^*S5W(tjaTO#«"C»l}$*l« (S3) . « 

y -y h^e^fflPo y -y h3i^3lfiS7 ^f\^e 

1 fc'ftHIKS-frSidfc. t-:J'i§i»16i&:frLTI8 

iWi^xir yi:>'^<qE-^'9fc{B*S*i4. mm^ 

iSrSm^Sk, XT yey^^t-:?9tt. >^y<yh3iaft 
3t3l7$-ftS^i yt'ttEBg^-frS. -ett. xyyh3t 

TiBPi oirg^ (nm0=0i ) tt. S^lxy y h5t 
ifti(cfla<^»Srs 2ttox 1 Atf X 2(o#^ y :n/-5/ 
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[0028] <>:k:. X y y h3iaBbbiS7<^s*ifc«ft 

iO^JKTSCaiSnS ( S4 ) . SJ|6xy «y hatTfflPo 

*»^.xy V h3iat*»7i&ftis<?, ystt0c$-fr& J: a 

fc« t-:?i®a51 6$::ft-L-Ciai!imWXx>yey^ 

10 e^^^qe-^' 9<4. x y ^ h3ia5bias7 i&fts^j m 

BteS-frS. -tLT. xyirh36TMP» <0:tF€^ (A 
me =02 ) li. S!(Sxy«y b*TOPo 
^k^at. XV '/ x:i^|6|(cfitso^s 2tt 

X 1 at«C 2 cMr-f y rp-J^ a -y^-ff h¥B3 . 
4fcg»3ti. ;<r^7 6-ClS«$*iytB«A»ii,Smj§*i 

OftS<9i . (9j J4, S!|6«0Xy «yhjt^fflPo A»/J,0 

T^rt^2^«ftSjt'»tliBE$-WLtfSv>. ^tf5ie 

20 :ftS6>i , 01 *«*)iOM^$V>k, llHatt*** 

[00291 3tt:<OXy yh3t¥®Po . Pi . Pj <0 
*8^*^^>n>;;^4>{f. JaT<^)#IBTC:tL(a<03ft<0 

xy-/h3t¥ffiPo . Pi , P2 *»/?»^<o2ft<oxy 
yF3te¥iB. Wifef. 08. H9tc^J:dfc:. xy ^ 

h3ie¥ffiPo kxy.yh3iOTPi (nrmmp^xi^n 

ajSilS (S5) . -^^Poi36*^$iiSk. 

2«c<vrai. Witf. xy-yhaMiPi kxy^h^t 
fiSPi <^-^ffiPii3&»©aj$*i.5 ( S6 ) , zmt 

30 fflPou Pi2A*Saj5^lSk. Z^ffiPoikZ^i)-® 
Pi:03^ (EnEM) 1 8<Oj5«5W*^3<t. unEtt 
2 e(CfgM$iL& ( S 7 ) . 

[ 0 0 3 0 1 X y y ^3lmB<offl;^^^*)^^• kn^ 
v. ^EkoimeMi 8fc:fi(>ifiv>Mni ^imsii 

h. tJt. 0««ii 8±cOjSll«fc:k'<oxy y 

xy y h3t¥Wi&Ji^k. g/hasi^tri'), n 
40 lKtt<^^^ie$«Sft<^J6&c:k3{i«TS'«.. 

[0031] iii^i83(i<^^&k. -etomigMi 8<o 

fflO*^<^«|lB6Lfcxyyh3lPFffiPi 

*«mai$^i.s (S8) . msry^mmx.itxVfY^ 
{0t -0x=0) . wF(^*)xs>h. t-r. mm 

1 8kxy -/ h3K¥®kf laiBWil SijtmimtXo 

t^^mm^^h, ^<m. mmnatzitLxxv y 
» mhx^izmmisbxv'^h^iemki^^mm^ 
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[0 0 3 2lia±<OJ:5fcXU-yh3CTiii<0*^ryrP [H51X1. X20iajlO^'->'./ MHR^iffiWS 

•y h3t¥ffiPi <o:6«^»aj-c# sfcft. xr^ 7 6 fc [H6 1 X y y ym-mk^h^^mstthm^h 

J:0fi«$*i>tXU-yb3lPFiiliiO^<0jSO3»S^ 10 

<^>li««0ill!2 0 i:O3»5cSSrt-C<0]!£^l 9thX [08 J laI«K«$^^&^fSS^iiHW-S0T-il!>S, 

I09108<ORrttC*>»tSSyt0T**. 

[ 0 0 3 3 1 4^fBgSUCiJt%Ttt. ;^ U halPF [0 1 0 1 >t U h3tTOifc;&^ 9«»*ili»t*0T" 

iiS<^^rS5!^a5;l'-^> l 3 a 1 1 fcUff S« *S . 

Sro/7i.*ff^«>ROM 1 3«8tt3#fCV^i*<. i [0111 ttg<^«|Hl«KLJt>^ y y h*^ieo*S3K 

[0 0 341 BP^>, in^<oafiai«c^fflv%SC:i:tcJ: i 3»5c]SStl«BIS 

t>m\ -eLT. Xr>76^xyvh3iaSBK 3 xi<o=^^y:rp-5^3y^r-yyhTffi 

l87*<3itocSStHBeiI««14t:ft;tT/t-y-^;pn 4 X2<?)^-^y7'W-i^3 y^^-y^ h^iB 

-if, v<-y:^;^3>'t^-^^^o^i^^pglgt:xy ? xy-/^3^abtes 

yr^-i^3yi&ffd^i:*«r#6. lo i/o» 

[0 0 3 5lfl*«i;i^il*Ji3<OV^f*l!6»fc:a«o 11 jH^SK 

fIBWi. :*->t5i:^-lryrV-s/ay^'-yyh^fflV^ 30 1 2 RAM 

Txyyh3eo4f^ry:rv-s^3y*1tdCi:t:J:0. 13 rom 

iR?^:irr5{r^5^;!ty vhat le t-^'Siaa 

[0iii<^>i5m^iiii 20 a^vw^ffmm. 
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